The intensity correlation function of squeezed vacuum, produced in an OPA, was measured with a photon-number resolving multi-pixel detector (MPPC). Based on realistic MPPC model, strong photon bunching was revealed for low-gain OPA radiation.
Introduction
Recently, a compact and cost-efficient solution for photon-number resolving detectors became commercially available with the introduction of a Multi Pixel Photon Counter (MPPC) [1] . In MPPC several hundred of avalanche photodiodes referred to as pixels, are embedded in a single chip with their outputs connected into a summation circuit. The chip is illuminated by a spatially diffused light spot providing that the chance of two photons to hit the same pixel is negligible. The amplitude of MPPC output is proportional to the number of firing pixels, which, in an ideal case, is equivalent to the number of incident photons.
Despite on its benefits, the MPPC technology has certain limitations which hinder its broad application in quantum optics. The most crucial one is related to the crosstalk between pixels [2] which is due to poor electrical isolation between the pixels. As a result, the avalanche triggered by the impinging photon in a given pixel, triggers a simultaneous "fake" avalanche in neighbor pixel, making the accurate reconstruction of photon statistics quite complicated.
The influence of the crosstalk is especially evident when one deals with weak coherent and squeezed-vacuum states with the average number of photons much lesser than one. In this work we make an attempt to estimate the potential of MPPC in the accurate measurements of two-photon correlations by analyzing two interconnected matters: (a) how do "fake" two-photon correlations behave for a weak coherent state and (b) whether a realistic MPPC allows one to distinguish "true" two-photon bunching of squeezed vacuum.
Theoretical analysis and experiment
First we derive an algorithm for obtaining the second-order correlation function g (2) from MPPC data. Under faint light pulses MPPC produces outputs of discrete amplitudes, equal to kA, where k is the number of pixels being fired and A is the amplitude of a standard pulse produced by an individual pixel. From the results of repetitive measurements, one obtains a histogram of MPPC counts N 1 ,N 2 …N k , where N k is the number of detected pulses with amplitudes equal to kA. The resulting g (2) can be calculated as a ratio the total number of pairwise coincidences to square of the total number of registered photons according to the formula:
In order to theoretically describe the role of the crosstalk, leading to double detections, we notice the analogy with the generation of photon pairs via a parametric process with a pump with arbitrary photon statistics. Like a pump photon can create a pair, with some small probability, or not create a pair, a photon impinging on the MPPC can produce a single or a double avalanche. Using the perturbative approach described, in particular, in [3] , we obtain the following relation:
Where g (2) is the correlation function measured by MPPC, g p (2) is the correlation function of incident light, C is cross talk probability and <N> is an average photon number. The additive contribution of the crosstalk C/<N> can be easily measured using coherent light with g p (2) =1, and then subtracted. This approach was realized in our experiment. In the experimental setup, a ns-pulsed Nd:YAG laser with the wavelength 266 nm was used as a pump for two BBO crystals cut for type-I parametric down conversion (PDC). The collinear part of the PDC beam at 532 nm was OSA/ CLEO 2011 QThE5.pdf coupled into a single-mode optical fiber. At the output of the fiber a collimated beam was formed by a lens system and addressed into MPPC (Hamamatsu, model C10751-02). A fast digital oscilloscope was used to capture the analogue output from MPPC and plot the histogram of its amplitude. The results of the measurements with the coherent state were obtained with attenuated continuous wave Nd:YAG laser with a wavelength of 532 nm, whose intensity was modulated by an acousto-optic modulator assembly to mimic the temporal profile and duration of PDC pulse. The results of MPPC measurements were compared with a traditional Hanbury Brown and Twiss (HBT) experiment, by diverting the beam into an intensity interferometer with the 50/50 beam splitter and two avalanche photodiodes, whose outputs were addressed to a coincidence circuit.
Results and conclusions
First, g (2) measurements were carried out with MPPC module by measuring the coherent state at different laser powers, which provided a reference with g p (2) =1. The experimental dependence of g (2) , calculated according to (1), is presented in Fig.1 (black dashed trace, squares) from where one evidences the presence of excess two-photon correlations which are not expected for the coherent state. This effect is attributed to the crosstalk, which, according to (2), becomes especially pronounced at low photon numbers. Next we measured with the MPPC the squeezed vacuum state. Analogously to the previous case, the experimental dependence of g (2) , calculated according to (1), is shown in Fig.1 (red solid trace, circles) . From Fig.1 it is clearly seen that on top of the crosstalk, MPPC reveals additional two-photon correlations, which are attributed to the two-photon nature of squeezed vacuum.
In order to infer the actual g (2) for the squeezed vacuum from MPPC measurements, equation (2) was used. The resulting curve adjusted for corresponding quantum efficiency is presented in Fig.2 (red solid trace) . The results are compared with the ones, obtained in the HBT experiment, which are also presented in Fig.2 (black dashed trace, squares). As one can evidence the results demonstrate a reasonable agreement, whilst a slight discrepancy might be attributed to a higher order crosstalk effect.
In conclusion, by applying theoretical model to the measurements of squeezed vacuum, it was demonstrated that MPPC detectors can be used to measure the second-order correlation functions. At the same time, the presented approach to correlations analysis can be directly applied to any kind of spatially resolved detectors such as EMCCD and ICCD. Due to the fact that correlation measurements tolerate linear losses and finite efficiencies of the detectors, they are especially beneficial in experiments where the photon statistics has to be instantly estimated without knowing the exact nature of the losses. [3] A.V. Belinskii, M.V. Chekhova JETP 108, 1956 (1995 . Fig1. Dependence of g (2) on the mean number of photocounts per pulse, obtained via MPPC of the coherent state (black dashed trace, squares) and the squeezed vacuum state (red solid trace, circles). The curves are experimental fits.
Refererences

OSA/ CLEO 2011
QThE5.pdf
